96 Mean linear intercept (10-2 cm) 5-981 Area of air-tissue interface (m2) 49 (61 cmI/ml) surface is reduced but this reduction is not as striking as might be supposed because, in these cases, the lung volume is usually greatly increased.
Dilatation ofair spaces without destruction oflung tissue: This occurs in compensatory emphysema and in conditions where there is partial bronchial obstruction such as asthma. The general architecture of the lung is perfectly preserved but all the air spaces are enlarged. At autopsy the lung appears over-inflated and, if there is bronchial obstruction, may fail to collapse on opening the pleural cavities. In these cases the mean linear intercept may provide the only reliable measurement of deviation from the normal. This is illustrated by a case of a man who had had a right pneumonectomy ten years before his death. The left lung was structurally normal but showed generalized over-distension of air space and the mean linear intercept was 4A403 x 10-2 cm.
In conclusion it must be emphasized that the measurements of parenchymal change in emphysema are of little value unless they are taken in conjunction with measurement of changes in the bronchi and pulmonary blood vessels. How much emphysema contributes to the disability of patients with chronic nonspecific lung disease is unknown and difficult to determine because so many cases show a mixed pathology. It is for this reason that intensive physiological and pathological study of pure forms of the disease is urgently needed. 
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Disordered Respiratory Function in Emphysema
Normal respiration may be conveniently divided into four parts, which occur together but may be considered seriatim for simplicity.
The first part is that of gas transport down the airways to which the laws of viscous flow in branching tubes are applicable. The linear velocity of flow in the trachea is high, in excess of 100 cm/ sec, but as the front of inspired gas passes into the lungs it slows progressively, since the crosssectional area of the airways increases continuously as the alveolar sacs are approached. In the lobule supplied by the terminal bronchiole flow rates fall to less.than 1 mm/sec and at this point linear velocity is no longer the dominant force producing molecular movement. The thermal kinetic energy now dominates, and thus gaseous diffusion laws are applicable.
Thus the second part of the respiratory process concerns the mixing of gases within the distal air spaces.
After inspired gas molecules have gained access to the alveolar spaces, the third phase occursthat of transfer from the gas phase to the blood phase, which process again invokes the laws of diffusion, but this time across a phase boundary.
The fourth and final aspect of respiration concerns blood flow and principally concerns the manner in which blood is distributed by the pulmonary circulation. The principal determinants of this distribution are the anatomy of the vascular tree, the effects of gravity, and the fact that blood is a non-Newtonian fluid.
Thus the components of respiration may be listed as: gas transport, gas mixing, gas transfer and blood distribution, and we may consider how emphysema affects each in turn.
The emphysematous patient has difficulty in breathing out rapidly, and clearly this constitutes a defect in gas transport. The quantification of such a defect in terms of maximum flow rates, FEV,.o and lung volumes permits some quantification of the extent of the defect. Since these results make a statement about the mechanical efficiency of ventilation, and may have many causes, over-interpretation of the results should be avoided.
In the normal subject one of the consequences of gas transport is regional distribution of ventilation, such that the ventilation of the dependent part of the lung is greater than that of the upper part, due in part to the effects of gravity. As breathing takes place nearer to residual volume the pattern changes and the upper lobes come to receive more ventilation, perhaps as a result of intermittent closure of airways in the dependent parts of the lung.
In emphysema, since residual volume is increased and expiratory reserve volume is decreased, it might be expected that a reversal of the normal ventilatory distribution pattern might be seen, but studies using radioactive xenon as a tracer suggest that such a pattern is not usually seen, but that regional gas distribution is somewhat patchy. These tests do confirm, however, that the pattern of regional ventilatory distribution is not normal.
Gas mixing in emphysema is impaired and evidence for this may be found in the singlebreath nitrogen test and in the multi-breath nitrogen test.
In the single-breath test inspiration of 1 litre of oxygen is followed by an immediate expiration down to residual volume, during which time the nitrogen concentration is measured continuously. The sloping plateau may be interpreted either on the basis of regional ventilatory distribution in which gas mixing is perfect, or on the basis that it represents a gradient of concentration within the airways consequent upon incomplete mixing of the inspired gas with that remaining in the lung. The latter explanation appears to be more in keeping with the evidence, provided that the presence of regional distribution is also accepted. Since both phenomena militate against a uniform distribution of gas concentrations within the lung it is logical to describe the alveolar plateau as offering evidence on gas mixing.
Patients with emphysema produce an alveolar plateau which is very steep, thus confirming the presence of a gas-mixing defect.
It is now cogent to enquire whether the known anatomical changes in emphysema can offer an explanation of the cause of this mixing defect.
In centrilobular, or centri-acinar emphysema one or more orders of respiratory bronchiole are destroyed leaving a sac of dubious 'elasticity which is interposed between the supplying terminal bronchiole and its alveolar ducts. If a large number of the 50,000 or so terminal ventilatory units are so affected, then the interface between the inspired gas and the residual gas comes to lie within the dilated sac, instead of within the alveolar ducts. Since the distance over which gaseous diffusion must take place is increased, and since a constriction is in its pathway (from the sac into the next intact respiratory bronchiole), gas mixing must be impaired and the evidence of the single-breath test may be explicable.
In panacinar emphysema, inspired gas entering the dilated sac will still have a long diffusion distance and impaired mixing, but since the blood supply to the sac is much more impaired than in the centrilobular case its effect on arterial carbon dioxide tension will be less marked. The poor mixing will be revealed in the single-breath test in exactly the same way, so that distinction between the two types of emphysema on this basis is unlikely.
In the multi-breath test, oxygen is breathed continuously, so that the nitrogen within the air spaces is removed as breathing continues. If the end-tidal concentration is measured in successive breaths and plotted as a logarithm against either time or breath number, the lung nitrogen clearance curve results. This curve in emphysema shows a markedly different appearance to that seen in the normal. In a normal subject the curve is almost straight, but in emphysema it falls more rapidly than the normal initially, followed by a very slow fall at a much higher concentration. In this form the curve is difficult to interpret, and may be altered by a different tidal volume or lung volume, so that curves in two different patients are not directly comparable.
These difficulties may be circumvented by looking at the same information in a different way, using the theory of indicator dilution. Thus if a volume of fluid V has a concentration of indicator C., and the fluid is progressively diluted by an aliquot, fully mixed and the same aliquot of mixture discarded, then when the summed aliquots are equal to the original volume V, the concentration of indicator is reduced to .
Ifeach tidal volume is added to its predecessors, and the resulting cumulative volume divided by the lung volume, then a table of nitrogen concentration and the appropriate 'turnover number' will result. This value is the number of times which the lung volume has been changed by the tidal volume.
The end-tidal nitrogen concentration is not the best measure; a better one is the quantity of nitrogen removed in each breath and this can be computed breath by breath. At the end of the experiment all these volumes may be added together to find the volume of nitrogen, and hence of air, originally in the lungs.
It is now possible to consider one litre of lung volume, and to indicate how much nitrogen will remain behind at any stage of the wash-out process in relation to the turnover number. This curve is called the lung nitrogen decay curve and it has some interesting properties.
If mixing and distribution were perfect, and there were no dead space, a straight line would result, with a unique slope. Any added dead space would result in a decrease of the slope, so that the intercept on the horizontal axis is shifted to the right. The amount of this dead space can be inferred by dividing the intercept of the line of perfect mixing by the intercept of the experimental line and multiplying by 100. This represents mixing efficiency, and from the tidal volume the dead space may be computed.
Dead space has contributions both from the upper air passages where no gas mixing occurs and from the lower air passages where mixing occurs but might be incomplete. For instance, a volume of 100 ml of lung gas in which gas mixing occurs with only 50 % efficiency may be regarded as 50 ml of dead space and 50 ml of completely mixed gas. Thus mixing efficiency of any degree may be represented.
From the lung nitrogen decay curve, therefore, a measurement of ventilatory efficiency may be derived, and in normal subjects this value is about 80% for normal tidal volumes. In emphysema, however, there may be a marked diminution, and values as low as 10% have been seen whilst 30% is by no means unusual.
This information is derived only from the observation that the decay curve has a displaced intercept and assumes, therefore, that the curve is rectilinear. In fact, the curve may be rectilinear, or it may be curved and from the degree of curvature further inferences may be drawn.
It is possible to displace the emphysematous decay curve towards the origin by such a constant as will bring the intercept on the horizontal axis to the position occupied by the normal curve. Reduction of the whole curve by the same factor will produce a curvature which may be compared directly with the normal. There is little doubt that the curve seen in the normal subject stems from inequalities of regional ventilatory distribution, so that increased regional inhomogeneity in emphysema might result in an increased curvature of the decay curve. Perhaps the majority of curves in emphysema show no increase in curvature, but many do, so that any general statement about regional ventilatory inhomogeneity is difficult to make.
Transfer of gas molecules from alveolus to capillary is difficult to measure in emphysema since most techniques measure both ventilatory and transfer anomalies. From such information as is available, and from a knowledge of the anatomical changes, it appears unlikely that gas transfer of itself is markedly impaired in emphysema.
Blood distribution in the normal subject has been measured by a variety of radioactive techniques which indicate poor flow in the upper part, and increased flow in the dependent parts of the lung, principally due to gravity. An increase in pulmonary artery pressure effects a more even distribution of blood flow, and in view of the moderate pulmonary hypertension which may be seen in emphysema, the regional distribution of pulmonary blood flow might be expected to be more even. Evidence is again not conclusive since some gradients are small and some reversed, with greater flow at the apex. The general impression appears to be that distribution is not uniform but patchy, as was the case with ventilatory distribution.
Thus the respiratory defects in emphysema may be summarized as defects in gas transport, in gas mixing, in blood distribution and probably in regional gas distribution. Dr In 1952, Fletcher, basing the diagnosis of emphysema on an increase in the index RC % TLC, showed that physical signs in the chest were of little diagnostic value and subject to considerable observer variation. This is still true today (Godfrey et al. 1969) . It is now recognized that this index is indicative only of generalized airways obstruction which may be due to at least three main disease processes: chronic obstructive bronchitis, asthma and emphysema. These are frequently combined and in the United Kingdom it is relatively rare to encounter pure examples of chronic obstructive bronchitis or emphysema. The diagnostic problem is therefore to determine how much a patient's symptoms are attributable to each of these processes. The diagnosis of asthma is not further considered in this paper.
Emphysema is not a single pathological condition. The bullous form, if severe enough to be of any clinical consequence, is readily diagnosed radiologically. Burrows et al. (1966) and Fletcher (1968) have indicated the clinical and functional abnormalities that are associated with generalized emphysema and which enable an approximate estimate of its severity to be made. The usual clinical features are an onset of dyspnoea late in adult life, which becomes extremely severe, in a patient of asthenic build with small amounts of mucoid sputum and no cyanosis at rest. The radiograph shows large volume lungs with a small vertical heart and attenuated vascular pattern (Laws & Heard 1962 , Simon 1964 . The arterial Pco2 is low in relation to the level of FEV (Burrows et al. 1965 ). The arterial oxygen saturation is not greatly reduced at rest but falls
